Background: Rotator cuff related shoulder pain (RCSP) is common with a range of conservative treatments currently offered. Evidence supporting superiority of one approach over another is lacking. Scapula focused approaches (SFA) are frequently prescribed and warrant investigation. Objective: To evaluate the effectiveness of SFA in RCSP. Design: Systematic review of randomised controlled trials. Methods: An electronic search including MEDLINE, PEDro, ENFISPO to January 2016 was supplemented by hand searching. Randomised controlled trials were included; appraised using the PEDro scale and synthesised via meta-analysis or narratively, where appropriate. Results: Four studies (n = 190) reported on pain and three studies (n = 122) reported on disability. Regarding pain, there was statistical but not clinically significant benefit of SFA versus generalised approaches (mean difference (VAS) 0.714; 95% CI 0.402 to 1.026) in the short term (< 6 weeks); regarding disability, there was significant benefit of SFA versus generalised approaches (mean difference 14.0; 95% CI 11.2 to 16.8) in the short term (< 6 weeks). One study (n = 22) reported disability at 3 months, which was not statistically significant. Evidence is conflicting from four studies relating to the effect of SFA on scapula position/ movement. Conclusion: SFA for RCSP confers benefit over generalised approaches up to six weeks but this benefit is not apparent by 3 months. Early changes in pain are not clinically significant. With regards to scapula position/ movement, the evidence is conflicting. These preliminary conclusions should be treated with significant caution due to limitations of the evidence base.
Introduction
Shoulder pain is a common musculoskeletal complaint, with a prevalence of 7-26% in the general population (1). Disorders of the rotator cuff are most frequently recorded as a source of these symptoms, reported in up to 70% of cases (2, 3) . A range of terms including rotator cuff tendinopathy, shoulder impingement syndrome and subacromial pain are used to describe shoulder pain thought to be attributable to the rotator cuff but currently there is lack of consensus about the most appropriate terminology (4) .
The resulting pain and loss of function secondary to rotator cuff disorders can be debilitating and impact on an individual's ability to self-care and work; posing a significant socioeconomic burden (2, 5) . Conservative treatment, including exercise therapy, is recommended as the primary treatment; but there is considerable uncertainty relating to the relative effectiveness of such approaches (6) (7) (8) (9) (10) (11) (12) , and as a result large variations in practice exist (3, 6, 9, 13, 14) . Furthermore, there is uncertainty relating to the role that altered scapula position and movement plays, termed scapula dyskinesis; which is widely regarded as a common finding with this condition (15) (16) (17) (18) . As a consequence, despite popularity, confusion exists over the value of scapula-focused approaches (SFA) within rehabilitation programmes (19) .
In this context, the aim of this systematic review is to synthesise the evidence relating to the effectiveness of SFA for rotator cuff related shoulder pain (RCSP) with the objective of informing clinical practice.
Methods
These methods were pre-specified and recorded in a protocol, consistent with the PRISMA statement (20) .
Data sources and search strategy
An electronic search of MEDLINE, CINAHL, PEDro, ENFISPO, LILIACS, IBECS and DIALNET was carried out from inception to January 2016. In addition to this, reference list checking of included studies was employed and consultation with experts was also utilised to verify any additional published or unpublished sources. Two examples of the search terms and keywords used for MEDLINE (Mesh terms, Medical Subject Headings) and for ENFISPO (DeCS terms, " Descriptores en Ciencias de la Salud"); are shown in table 1 and table 2, respectively. 
Study selection and inclusion criteria
For a study to be included in this review, the following criteria had to be met:
Population -Adults with signs & symptoms of RCSP (inclusive of terms such as rotator cuff tendinopathy, shoulder impingement syndrome), commonly described as unilateral shoulder pain, localised around the acromion; worse with overhead activity; usually full range of shoulder movement; a combination of positive impingement tests; presence of a painful arc; reproduction or worsening of pain on resisted muscle testing; and no cervical spine involvement (4, 12, 21) .
Interventions -SFA (including exercise therapy, stretches and/or manual therapy) with the aim to address the pain and disability found with RCSP and/or with the intention of changing scapula biomechanics, including position, movement, strength, motor control, and/or muscle length.
Comparison -Any comparison that adopts a general or non-scapula approach, such as usual care or an alternative exercise therapy/intervention that is not focused specifically on scapula biomechanics.
Outcomes -Any validated measures of patient-reported pain and/or disability; plus biomechanical outcomes relating to the scapula.
Study design -Randomised controlled trials (RCTs).
Language -Restricted to studies reported in English and Spanish.
Setting -Not limited to a particular setting.
The titles and abstracts of the search results were screened to determine if a study met the pre-specified inclusion criteria. Of these identified studies, and any with questions over their relevance, the full text article was sourced; the reasons for any exclusions at this stage were documented.
Data extraction
Data extraction was performed by one reviewer (JB) and checked for accuracy by a second reviewer (GCM) using a pre-designed table to detail information on study characteristics, participant characteristics, interventions, outcome measures and results.
Quality appraisal
Eligible studies were assessed on methodological quality using the Physiotherapy Evidence Database (PEDro) critical appraisal tool (22), which has been found to be valid and reliable for evaluating both the internal validity of a study (criteria 2-9), as well as the adequacy of the statistical information to interpret the results (criteria 10-11) (23) (24) (25) . It consists of 11 criteria overall; although criterion 1 refers to the external validity of the trial and is not included in the final score (24) . Each criterion is rated as Yes (1 point) or No (0 points), with a maximum score out of 10; a PEDro score ≥ 6/10 is classed as a high quality study (26) . Out of the 4 studies, 3 had already been scored on the PEDro database and this data was extracted. The remaining study (27) was appraised by one reviewer (JB) and verified by a second reviewer (CL).
Data Synthesis
Meta-analysis was conducted using OpenMetaAnalyst software (28) . Due to the inherent heterogeneity within the literature, the DerSimonian and Laird random effects model was used (29) . Statistical between study heterogeneity was assessed with the I 2 statistic, and this review considered 25% low, 50% moderate and 75% high (30) . Pain scores were measured on the same tool, the visual analogue scale (VAS), so mean pain scores along with their respective standard deviations (SD) were extracted and pooled. Disability scores were measured on different tools but these tools used the same scales (0 to 100) and it was felt that they measured similar constructs of shoulder related disability so, similar to pain outcomes, mean scores along with their respective standard deviations (SD) were extracted and pooled (31) . The disability scale used in one study (32) required reversal of the direction of the scores to enable meta-analysis, accordingly the total scores of the scale were multiplied by -1 (33).
As a result of study heterogeneity relating to measurement of outcomes of scapula biomechanics, a narrative synthesis using a rating system for levels of evidence was used (34) . This rating system, displayed in table 3, is used to summarise the results in which the quality and outcomes of individual studies are taken into account. 
Results:

Search results
Searching of the electronic databases produced 464 records in total. A further 13 were identified through other sources: 1 through a Google search, 2 by contact with experts and 10 through reference list checking of the identified articles. Following the removal of duplicates, 437 articles were screened by title and abstract, and after exclusions 7 required the full-text to be assessed. Out of these, 3 were excluded for either not meeting the study design, participant or intervention criteria, resulting in 4 studies for inclusion in this review. Figure 1 shows the search and study selection process. 
Quality assessment
The results of the PEDro scoring are shown in table 4. Overall, two out of the four studies were considered to be of high quality. Random allocation was apparent in all the studies however allocation concealment was not featured in any of them. There was a consistent lack of blinding of subjects or therapists, but two studies had blinded assessors of some outcomes. Intention-to-treat (ITT) analysis was only evident in one study. Criteria:
Total score 1 2 3 4 5 6 7 8 9 10 11
1, Eligibility criteria were specified. 2, Subjects were randomly allocated to groups. 3, Allocation was concealed. 4, Groups were similar at baseline regarding the most important prognostic indicators. 5, There was blinding of all subjects. 6, There was blinding of all therapists who administered the therapy. 7, There was blinding of all assessors who measured at least one key outcome. 8, Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. 9, All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case data for at least one key outcome was analyzed by 'intention-to-treat'. 10, The results of between-group statistical comparisons are reported for at least one key outcome. 11, The study provides both point measures and measures of variability for at least one key outcome).  = criteria met;  = criteria not met
Study & participant characteristics
A detailed summary of the characteristics and results of each study are shown in table 5.
A total of 190 adults (mean age 47.9 years) were included through convenience sampling across the four studies, comprising 67 males and 123 females. The studies were conducted in India (27) , Belgium (35), Turkey (32) and Iran (36) .
Interventions/comparisons
All four studies evaluated a SFA compared to a more generalised approach, however this varied in its content. Two studies were very similar and compared what they described as conventional physiotherapy to the same programme, but with the addition of scapula stabilisation exercises in the intervention group (27, 32) . The latter study also had an advice component (32) . One study had an intervention group of mobilisations, stretching and motor control exercises all focused on the scapula, compared to glenohumeral joint passive mobilisations with eccentric exercises for the rotator cuff (35) ; one study compared a scapula stabilisation based exercise therapy group of mainly exercises, stretches and advice to a physical therapy group which included range of movement exercises (ROM) and electrotherapy modalities (36). The settings varied with two studies based in a hospital setting (27, 36) ; one in a private setting (35) and one unclear (32) . All studies had a supervised programme (27, 32, 36) and only one study also included home-based exercises (35) , although there was no data provided on adherence to this.
The frequency and duration of these programmes also differed from three times per week for six weeks (a total of 18 sessions) (32, 36) ; to once a day, six days a week over four weeks (a total of 24 sessions) (27) and once a day, between 1-3 times a week (for a total of nine sessions), which also included the home exercise programme (35) .
Outcome measures/results
To assess pain and disability all four studies used the Visual Analogue Scale (VAS) (27, 32, 35, 36) . Measures of disability were the Shoulder Pain and Disability Index (SPADI) (27) ; the Shoulder Disability Questionnaire (SDQ) (35) ; and the Western Ontario Rotator Cuff (WORC) index (32) . To assess scapula dyskinesis two studies used the Lateral Scapula Slide Test (LSST) (27, 32) ; one used visual observation of scapula position (35); one study used scapula symmetry (36); and two used scapula ROM (35, 36) . Other biomechanical measures included assessment of muscle strength (32) , motor control (kinetic medial rotation test) (35) ; pectoralis minor length (PML) and forward shoulder postures (35, 36) . With regards to timings, three out of four studies assessed their outcomes pre and post-treatment, which ranged from 4-6 weeks (27, 32, 36) and only 1 study included a later follow-up period at 3 months post treatment (35) .
Data synthesis
Four studies (27, 32, 35, 36) reported post treatment effect on pain from 190 participants; there was statistical but not clinically significant benefit of SFA versus generalised approaches (mean difference (VAS) 0.7; 95% CI 0.4 to 1.0) in the short term (< 6 weeks) (figure 2).
Three studies (27, 32, 35) reported post treatment effect on disability from 122 participants; there was statistical and clinically significant benefit of SFA versus generalised approaches (mean difference 14.0; 95% CI 11.2 to 16.8) in the short term (< 6 weeks) (figure 3).
Between study heterogeneity was negligible (I 2 = 0% and 0% respectively).
One study (35) reported post treatment effect on disability from 22 participants at three months; the difference between SFA versus a generalised approach was reported as not statistically significant. Four studies (27, 32, 35, 36) reported post treatment effect on scapula position/ movement from 190 participants; there was conflicting evidence (inconsistent findings among multiple RCTs) of SFA versus generalised approaches. Studies at high risk of bias (27, 32) reported significant between group changes in favour of SFA whereas the studies at low risk of bias (35, 36) tended to report no significant between group difference. However, one study (36) , regarded as presenting a low risk of bias, reported conflicting findings depending on the measure of scapula position/ movement reported.
Discussion:
This review summarises the effectiveness of SFA in patients with RCSP and suggests that SFA confers benefit over generalised approaches up to six weeks post commencement of treatment. Although these early changes in pain are statistically significant they are not regarded as clinically significant; early changes in disability are statistically and clinically significant but data from the only study that reported data beyond six weeks suggests the comparative benefit, in terms of disability, is no longer apparent by three months. Findings relating to the effect of SFA with regards to scapula position/ movement are unclear and current evidence is conflicting.
Although the findings of this review suggest potential promise of SFA, we suggest caution with regards to interpretation. In relation to effect on pain, these findings are similar to those found in similar core stability or motor control approaches in the lumbar spine; small and clinically insignificant (31) . In relation to effect on disability, these findings are based on three studies, two of which are regarded as presenting a high risk of bias (27, 32) . Furthermore, the third study (35) , although regarded as presenting a low risk of bias presents an interesting result that warrants further investigation. The mean change in the intervention group is 20.9 points on the SDQ, which is regarded as clinically significant, but only 2.2 points in the control group, despite prescription of active interventions in the control group. Such a small change in the control group is interesting and not in keeping with most, if not all, studies exploring the effects of active interventions in this field (37) . The authors suggest possible reasons for this including potential therapist bias; because both treatments were delivered by the same physiotherapist (35) . The influence of therapist beliefs has been recognised in other studies (38, 39) . Hence, further high quality research designed to address these issues, for example including a wide range of physiotherapists, might significantly alter the preliminary inferences from this review.
Notwithstanding the above limitations, if the early beneficial response to SFA was regarded as true then this might suggest a potential ordering effect, i.e. a need to include different exercise prescriptions at different stages of the treatment pathway. Mulligan et al (40) explored this idea in a RCT where participants were randomly allocated to a 4-week program of scapula stabilisation exercises while the other group began with rotator cuff strengthening exercises. After four week the groups crossed over. These authors reported no significant difference between groups at any time point up to the final follow-up at eight weeks. Hence, the potential ordering effect is open to question.
This review suggested conflicting evidence with regards to effect of SFA on scapula position/ movement in comparison to generalized approaches. Clearly such conflict might result for a range of reasons; reliability of measurement of scapula position/ movement is notoriously poor (41) which could result in significant error when drawing such conclusions. Furthermore, some authors have begun to question the relevance of scapula position/ movement in RCSP (42) while others have suggested that the mechanism of action of SFA might not be related to a change in scapula position/ movement (43) .
Limitations of the included studies
Despite the encouraging findings, there are some weaknesses within these studies that should be taken into account. In addition to the potentially spurious finding discussed above in relation to Struyf et al (35) , limitations of the included studies include lack of allocation concealment, heterogeneity in term of outcome measurement, only reporting short term outcome, lack of intention-to-treat analysis and using a very small number, typically, one physiotherapist to deliver both intervention and comparator treatments which can result in preference bias. Although a lack of blinding is a feature of this body of evidence, such a design feature is typically elusive in pragmatic RCTs of complex therapeutic interventions, particularly when patient reported outcomes are the primary outcome measure. Hence, although a limitation of the studies, this should be considered in the wider context of this body of literature.
Strengths and limitations of this review
This review has added insight that, to the author's knowledge, has not been previously reported. This review was undertaken in accordance with published guidelines by a team of reviewers with more than one member involved at each stage to minimise bias. This, in addition to the extensive and transparent search strategy, is a strength of this review. Unpublished studies were not identified for inclusion. Some authors have suggested that identifying unpublished studies for inclusion is important to minimise publication bias (44) . To the contrary, others have questioned this suggesting that many unpublished studies eventually become published and truly unpublished studies might have poor or unclear methodology, which in turn might serve to introduce bias to the review (45) . It has been suggested that it might be preferable to devote time to regularly updating reviews to capture studies when they are published (45) . It is difficult to determine whether a lack of unpublished studies is a weakness of this review and whether inclusion, if available, would alter the conclusions drawn.
Finally, the findings from a systematic review are necessarily derived from the studies included. With clear methodological concerns, as described above, it is likely that the findings from this review will evolve as high quality studies become available.
Implications for practice and further research
SFA are widely used in the treatment of RCSP but there are significant limitations with the current evidence base and hence a clear clinical steer in relation to the optimal conservative treatment approach is not forthcoming at this time. We suggest that clinicians should balance decision-making with consideration of their own treatment preferences, the preferences of their patients, the complexity of SFA versus the utility of generalised approaches in tandem with the likely mix that will foster greatest therapeutic alliance and adherence to the chosen programme.
Hence, high quality, adequately powered, RCTs addressing the issues of allocation concealment are recommended, with suggestions to include longer-term follow-up, more homogeneity in the selection of outcome measures, and data analysis using the principles of ITT to facilitate firmer conclusions.
Conclusions:
This review summarises the effectiveness of SFA in patients with RCSP and suggests that SFA confers benefit over generalised approaches up to six weeks post commencement of treatment. Although these early changes in pain are statistically significant they are not regarded as clinically significant and data from the only study that reported data beyond six weeks suggests the benefit in terms of disability is not apparent by three months. Findings relating to the effect of SFA with regards to scapula position/ movement are unclear and current evidence is conflicting. These preliminary conclusions should be treated with caution due to significant methodological limitations and concerns regarding the validity of the evidence base. It is likely that future high quality primary studies will challenge these preliminary conclusions.
